In the present mini-review, published and unpublished data that have been collected for more than 40 years on the adaption of Salamandra infraimmaculata to semi-arid environments on the southern border of its distribution are presented. The contribution of the present paper is in building a model based on comparing moist habitats with predictable and relatively constant conditions to semi-arid habitats with relatively dry conditions. Based on these parameters, the model suggests adaptation to semi-arid habitats. More specifically, this model is based on the morphology, biology, behavior, life cycle and physiology of S. infraimmaculata adaptation. By considering these many parameters, one hypothesis was raised and was supported. The adaptation to and selection of semi-arid habitats depend mainly on the terrestrial phase and very little on the aquatic phases. In all of the semi-arid habitats, there are various breeding places where the larvae can grow and complete metamorphosis. The molecular genetic variation among the various areas supports our hypothesis, and the difference in the moist habitats is greater than in the semi-arid environments.
most diverse groups of extant salamanders. Salamandrids have the largest geographic distribution of any salamander family, extending across the Holarctic continents of Asia, Europe and North America, with a small and recent expansion into North Africa [1] . Many aspects of S. infraimmaculata have been studied over the past 40 years on the southern border of its distribution [2] . Its adaption to various habitats and areas, including at extreme conditions on the southern border of its distribution, was examined.
The present paper tries to suggest a model of adaptation to xeric habitats of S. infraimmaculata based on published (mini-review) and unpublished data by comparing characteristics from the biology, ecology, behavior and physiology of salamanders from different areas and environmental conditions. The objective of the present paper is to discuss various parameters affecting the adaptation of S. infraimmaculata to relatively dry conditions by comparing different habitats and suggesting a model to describe this adaptation.
Distributions
Salamandra infraimmaculata is present in the southeastern and eastern parts of Anatolia, Turkey, northwestern Iran, northern Iraq, Lebanon and northern Israel. Many aspects of S. infraimmaculata, some of which have been described in detail, have been studied over the past 40 years at the southern border of its distribution [2] . Based on the sequence analysis of the mitochondrial D-loop region and geological dates, Steinfartz [3] suggested that five major monophyletic groups exist in Europe (S. salamandra, S. infraimmaculata, S. corsica, S. atraand S. lanzai), one S. algira is located in Africa [4] , and the salamanders in Israel belong to S. infraimmaculata. The distribution of S. infraimmaculata in the Middle East is presented in Figure 1 . In Iran, it is found in an arid sparse cork forest area. In Turkey and Lebanon, it has been found to inhabit damp forests and groves in mountainous or hilly regions, and shelter under leaves, roots or stones not far from water [2] [5] [6] [7] [8] . The populations of S. infraimmaculata found in Israel are located in breeding sites in different and isolated sub-regions within relatively short geographical distances: 1) Mount Hermon; 2) Tel Dan; 3) Naftali Mountains; 4) Upper Galilee; 5) Western Galilee [2] [5] [9] - [19] ; 6) Lower Galilee [20] ; and 7)
Mount Carmel [7] [21] [22] (Figure 1 ).
Different Habitats
On the southern border of S. infraimmaculata distribution, as for many other amphibians, the habitats include two main components-terrestrial habitats and aquatics habitats, where the salamanders can complete their life cycle. During extensive studies carried out on S. infraimmaculata at the extreme conditions, various terrestrial habitats in the areas of the breeding places (Table 1) Sp1-Balad, Sp2-Humema and Sp3-Navoraya. Pools: Po1-Manof, Po2-Kash, Po3-Dovev, Po4-Matityahu, Po5-Lehavot, Po6-Sasa, Po7-Fara and Po8-Raihaniya. Rock pool holes (pits): Pi1-Maalot and Pi2-Nimrod. 
Morphological Variations of Terrestrial Salamanders from Variation in Various Habitats
The morphological parameters of salamanders have been studied in detail in Europe In Mount Carmel and Upper Galilee, the scattered pattern was higher, 63% and 59%
respectively, compared to Tel Dan and Western Galilee, which was 38% and 18%, respectively ( Figure 4 ). However, no differences were found in spots in the various areas.
In all of the populations, most of the salamanders had four spots on the head ( on the jaw and the ventral side ( Figure 6 ).
Molecular Genetic Variations in Various Areas of S. infraimmaculata in Israel
The [24] , or in the 10 enzyme systems with 14 loci [20] . However, using different molecular methods, there is strong support of our hypothesis that a variation exists on a genetic level among the methods used ( Figure 7 ). An analysis using various primers with RAPD amplification methods found differences between the different populations in various areas, however, it is very difficult to separate between areas and habitats due to the fact that these methods are not consistent and depend on the primers [26] . On the other hand, using mitochondrial Blank [7] found two major sub-population variations between Mount Carmel and Galilee (Lower Galilee). These methods seem to be more sensitive than AFLP. In summary, the results of AFLP were again similar to what was found in mitochondrial DNA, whereby the genetic variations change from north to south. High genetic variation was found in the northern (Mount Hermon, Tel Dan) and southern (Lower Galilee and Mount Carmel) populations, and not according to breeding type, spring or ponds that were found in most of the areas.
The Life Cycle of S. infraimmaculata
Different stages of S. infraimmaculata have been described in many papers and are shown in Figure 9 . The terrestrial life of S. infraimmaculata is described less than the larvae stages at the southern border of its distribution. Salamanders at the southern limit of their distribution are active mainly in the winter (Figure 10 ). Activity is mostly local, and such activity can also be found in summer. This local activity was studied mainly in the Galilee [9] . On hot days, the salamanders are found in hiding places, holes and caves in the ground [2] . Migration to breeding places is limited to the hill populations, since the specific environmental conditions at Tel Dan greatly reduce the need for this [10] . Activity takes place under conditions of 0˚C -20˚C and 60% -100%
RH. Most of the salamanders from Upper Galilee are active at temperatures between 5˚C and 9˚C, and in Tel Dan between 9˚C and 11˚C ( Figure 11 ). However, no difference Figure 9 . Life cycle of Salamandra infraimmaculata along the southern border of its distribution:
1-salamanders in terrestrial habitats; 2 and 3-salamanders migrating to breeding places; 4-winter ponds in breeding places; 5-female salamanders reaching the breeding place; 6 and 7-salamander oviposition; 8-sexual behavior and mating of salamanders; 9, 10 and 11-larvae of salamanders; 12-salamanders undergoing metamorphosis; 13-juvenile salamanders moving from breeding places to terrestrial life; 14-adult salamanders in a hole in the ground that serves as a hiding place. was found between populations for activity under various levels of relative air humidity ( Figure 12 ): most activities during day occur at 90% and 100% high humidity levels, which help prevent dehydration of the salamanders during migration to the breeding places. The high activity is found during breeding periods from October to December (Figure 10) , and males are more activity than females. Population size was related directly to habitat type [9] [10]. The density in Tel Dan adult's population is higher than in the Galilee and changes according to conditions in the habitats [10] . The S. infraimmaculata is ovoviviparity (Figure 9 ), and the larvae are born alive in single and small batches, generally wrapped in their embryonic membrane. Sexual behavior occurs mostly after the oviposition of the larvae at the breeding places and is described for the Upper Galilee population [2] . The description of sexual behavior of S. infraimmaculata is presented in Figure 13 . The salamanders after mating are solitary and find hiding places to prevent dehydration [18] . At the time that the larvae were born, the weights are 0.2 -0.4 g, but they vary in different areas and habitats [18] . There are no significant differences between larvae size in the three different areas: Tel Dan, Upper Galilee and Mount Carmel (Figure 14 ). There is also no difference in growth in the different areas, but there are differences in larvae growth between the various breeding places according to ecological conditions ( Figure 15 ). In streams, as in Tel Dan, or in springs where water temperatures were lower compared to winter pools, the growth rate was lower, and the periods of larvae growth and complete metamorphosis were longer ( Figure 15 
Physiological Adaption to Terrestrial Life in Various Habitats
The survival of the terrestrial phase of Amphibia, which is not the ability to prevent dehydration throughout the skin, is through the ability to retain extended dehydration by accumulating water in the body, a high plasma fluid concentration and low metabolism during activity in hiding places in the hot, dry season [20] [21] . Most studies on physiological adaption to terrestrial life have been published for Aura, which adapted to more arid environments compared to Urodela [20] . The physiological adaption to terrestrial life of S. infraimmaculata was examined by comparing salamanders from two semi-arid environments at the southern border of this species' distribution (Upper Ga- (see Section 5) . These conditions are found in moist habitats compared to semi-arid habitats in particular at summer time during the hot, dry season. Low metabolism [31] , as was found in salamanders from semi-arid habitats compared to moist habitats 
Discussion
The ecological adaption of species in natural habitats refers to the study of natural The largest body size [24] of salamanders from semi-arid areas is affected by all the other biological parameters and ecological adaption to semi-arid environments. For example, the ecological adaption helped salamanders reduce their rate of dehydration [30] , long movement distances [10] [22], a large number of larvae per batch [18] , Figure 17 . Metabolism (oxygen consumption per gram body weight) of salamanders from different areas.
low metabolism and less energy lost during dry periods [31] . On the other hand, the physiological adaption to xeric habitats helped salamanders survive in these habitats and complete the life cycle in the various areas ( Figure 9 ). Other very important conclusions that were found by examining the interaction between all the various ecological and biological parameters are that the adaption is more strongly affected by semi-arid environments in the terrestrial phase and not in the aquatic phase. In all the various areas where S. infraimmaculata habitats are found, there are different breeding places, streams, springs, rock pools and winter pools where larvae of this species are located ( Figure 1, Figure 2 ) [14] [15] [16] . However, the ecological conditions in these aquatic places differ. Therefore, the growth rate and complete metamorphosis of salamander larvae are not according to area but to type of breeding place, which is affected by the ecological conditions at each specific breeding place ( Figure 15 ). On the other hand, the physiological adaptation of terrestrial life differs among S. infraimmaculata from various areas ( Figure 16 ) [29] [30] [32] . In semi-arid areas, the terrestrial phase 
Conclusion
In summary, the proposed model in this paper ( Figure 19 ) showed that in order to understand the heterogeneity adaption among S. infraimmaculata populations in northern
Israel's southern border of its distribution, different parameters of different biological and ecological aspects must be examined. This model's adaptation to semi-arid environments was based on the results of morphology, behavior, life cycle and physiology, which might be explained by genetic differences between various habitats, specifically between moist and xeric.
